Uniformly aligned polyurethane films grown on glass plates serve as the templates for the growth of closely packed multi-crystal arrays of silicalite-1 in uniform orientations and the nature of the polyurethane film affects the resulting orientations of the crystals.
Supporting Online Materials

Synthesis of Zeolite as Ordered Multi-Crystal Arrays
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One-sentence summaries
Uniformly aligned polyurethane films grown on glass plates serve as the templates for the growth of closely packed multi-crystal arrays of silicalite-1 in uniform orientations and the nature of the polyurethane film affects the resulting orientations of the crystals.
Materials and Methods
Materials. Aqueous TPA + OH -solutions were prepared from the corresponding solutions of tetrapropylammonium bromide (ACROS) by anion exchange of bromide with hydroxide using a column charged with anion exchange resin (DOWEX MSA-1, Aldrich) pretreated with sodium hydroxide. The concentration of TPA + OH -was adjusted by diluting the as-prepared solution with water. Tetraethylorthosilicate (TEOS), 1,4-phenylenediisocyanate (PDI), and 2-butyne-1,4-diol (BDO) were purchased from Aldrich and used as received. Terephthalic acid bis-(2-hydroxy ethyl) ester (TBE) was synthesized via terephthaloyl chloride from terephthalic acid according to the following scheme.
Thus, a mixture of terephthalic acid (7 g, 42.1 mmol) and 20 mL of thionyl chloride was refluxed overnight. The solution was cooled to room temperature and the mixture was evaporated to yield terephthaloyl chloride as a white powder (8.3 g). A dichloromethane solution (20 ml) dissolved with terephthaloyl chloride (8.3 g, 40.9 mmol) was added dropwise to a mixture of ethylene glycol (14.1 mL, 250 mmol) and pyridine (200 mL) which was being stirred at 0 °C. After additional stirring for 12 h at room temperature pyridine was evaporated from the reaction = 7:3) for 1 h. The glasses were then washed with copious amounts of distilled deionized water, with dilute aqueous ammonia solution, and finally with fresh water. The washed glasses were dried by a gentle stream of nitrogen. The water contact angles of the glass plates were usually less than 5°. Silicon wafers were cleaned similarly.
Preparation of (PDI/BDO) x /Si, (PDI/BDO) x /G, (PDI/TBE) x /Si, and (PDI/TBE) x /G (x = 100, 500, and 1000). (PDI/BDO) x /Si and (PDI/BDO) x /G were prepared by repeating the desired number of cycles of alternative introduction of the PDI and BDO vapors into a vacuum-tight stainless steel chamber containing a Teflon support mounting 20 pieces of silicon wafers or glass plates. The stainless steel chamber was connected to vacuum (10 -4 Torr) and to two glass flasks containing PDI and BDO, respectively, through individual solenoid valves shown in Fig. S1 .
The chamber was placed in an oven whose temperature was maintained at 120-125 °C. The chamber was initially kept under vacuum and each vapor was sequentially fed into the chamber by opening the corresponding solenoid valve for 60 s while keeping the other two valves closed. After each introduction of a vapor into the chamber, all the three valves were kept closed for 60 s to allow reaction between the introduced vapor and the glass or polymer film already produced on the glass. After each reaction period, the non-reacted, excess vapor was removed from the chamber by opening the vacuum valve for 120 s. (PDI/TBE) x /Si and (PDI/TBE) x /G were similarly prepared by replacing BDO with TBE. The oven temperature for preparation of (PDI/TBE) x /G was 180 °C. The period of PDI introduction into the chamber was reduced to 0.2 s at 180 °C.
Growth of Multicrystal Arrays on glass.
A piece of [(PDI/BDO) 500 /G] was placed at the bottom of a Teflon cylinder (internal diameter = 4.2 cm, height = 7.6 cm) placed in a stainless steel autoclave. The cylinder was subsequently charged with 40 mL of a synthesis gel consisting of TEOS, TPA + OH − , and water (in the molar ratio of 7:1.5:330), and hydrothermal synthesis of silicalite-1 was carried out at 180 °C for 2 h. After rapid cooling of the reactor to room temperature, the glass plates were removed from the reactor, and gently shook in fresh water. The washed glass plate was then placed in an oven preheated at 120 °C for 30 min. The glass plate was then cooled to room temperature, and briefly sonicated for ~10 s in water to remove non-reacted gel particles and random aggregates of zeolite crystals deposited from the bulk on the multicrystal arrays.
Characterization. FT-IR spectra were measured on a Jasco FT-IR 620 spectrometer. The polarized grazing angle FT-IR spectra were abtained from the above spectrometer using a Spectra-Tech grazing angle accessory (model 0014-051) equipped with a plane polarizer. SEM images were measured on a Hitachi S-4300 FE-SEM. EDX data were obtained from a Horiba EMAX ENERGY EX-220. X-ray diffraction ( S5 . Effect of the handling procedure for removal of the physisorbed silcalite-1 crystals from the underlying arrays of crystals on the coverage of the crystals aligned with the c-axis perpendicular to the glass plane. The (0 0 2) peaks from the x-ray diffraction patterns of the samples taken before and after treatment (as indicated) were normalized to show the relative changes of the other peaks. When the samples were in the dry (A) or fully wet (B) (the water content is ~14%) state, even the gentle blowing of nitrogen gas causes not only removal of the over-coating, randomly aggregated sedimented crystals but also tilting of the crystals in the underlying ordered multi-crystal arrays from the original upright orientation. Samples were placed 10 cm away from the nozzle whose outlet pressure was 40 kPa. On the other hand, the gentle nitrogen gas blowing led to almost selective removal of the over-coating sedimented silicalite-1 crystals while keeping the underlying ordered silicalite-1 arrays intact when the samples were slightly moisturized (such as ~2% gain in weight) using a humidifir before nitrogen blowing (C). Brief sonication (10 s) of the samples in toluene also led to almost selective removal of the over-coating physisorbed silicalite-1 crystals (D). However, attention has to be paid to the period of sonication, since even a slight increase in time (such as 15 s) led to not only tilting but also removal of the silicalite-1 crystals in the underlying arrays. 42.5 37.6 19.9
